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Study on leuprolide acetate sustained-release lipid-liquid crystalline
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Abstract: This study developed a sustained-release lipid liquid crystalline (LLC) system for leuprolide acetate
(LA) and investigated the feasibility of using the lipase inhibitor orlistat (Orl) to modulate the matrix degradation
and prolong the drug release period. The LA-LLC formulation was characterized by using polarized light microscopy
(PLM), rheological analysis, and in vitro release studies to guide optimization. The impact of Orl on the sustained-
release performance of LA-LLC was evaluated through in vitro degradation, in vitro release, and pharmacokinetic
studies in rats. All animal protocols were approved by the Laboratory Animals Care and Use Committee of Yantai
University (registration number is YTU20210319) (Yantai, China). Results showed that the LLC system utilizing
glycerol dioleate (GDO) as the oil phase exhibited optimal sustained-release characteristics. The optimized LA-LLC
formulation comprised soybean phosphatidylcholine, GDO, ethanol, and LA at a mass ratio of 44.5:44.5:10: 1.
This gel exhibited a hexagonal phase structure by PLM. It demonstrated shear-thinning capacity characteristic of a
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pseudoplastic fluid. /n vitro degradation and release results indicated that Orl significantly inhibited lipid degradation

and prolonged drug release. Pharmacokinetic results in rats indicated that the addition of inhibitor Orl prolonged

the release period from 42 days to 56 days compared to the LA-LLC group. This study demonstrates that the LA-

LLC system, with its structural stability and controllable release, can effectively prolong drug release by employing

a lipase inhibitor to regulate matrix degradation. The results of the study provide a novel strategy for the sustained

delivery of peptide drugs.
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sustained-release
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Table 1 The proportion of each component in lipid liquid crystal-
line (LLC). PC: Phosphatidylcholine; LA: Leuprolide acetate;
GMO: Glyceryl monooleate; GDO: Glycerol dioleate; MCT:

Medium chain triglycerides

Oil phase PC/Oil EtOH/%  H,0/%  LA/%  Orl/%
F1 GMO 46 10 / 1 /
F2 GMO 5:5 10 / 1 /
F3 GMO 6:4 10 / 1 /
F4 GDO 416 10 / 1 /
F5 GDO 5:5 10 / 1 /
F6 GDO 6:4 10 / 1 /
F7 MCT 46 10 / 1 /
F8 MCT 5:5 10 / 1 /
F9 MCT 6:4 10 / 1 /
F10 GDO 5:5 15 / 1 /
F11 GDO 5:5 7.5 7.5 1 /
F12 GDO 5:5 10 / 0.5 /
F13 GDO 5:5 10 / 2 /
F14 GDO 5:5 10 / 1 1
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70 r-min” fE IR KB IR G A, AT AT 3. O
BT 4hA1.3.5.8.11.14.17.21.24.28 K, Bl 4 mL
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Figure 1 Photographs of LLC bulk depots with different oil
phase. A: GMO; B: GDO; C: MCT
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Figure 2 Chemical structures of PC, GMO, GDO and MCT
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Figure 3  [n vitro release of LA from LLC systems. A: Effect of different GMO ratios; B: Effect of different GDO ratios; C: Effect of
different MCT ratios; D: Comparison of release profiles from LLC prepared with GMO, GDO, and MCT; E: Effect of different solvents;
F: Effect of different drug loading. n =3, x £ 5
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Figure 4 Polarized light microscopy images of LLC formulations
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Figure 5 Rheological behavior of LLC. A: Viscosity of different LLC precursor solutions under different shear rates; B: Loss tangent

(tano) of the formed bulk depots; C: Elastic modulus (G') and viscous modulus (G”) of the formed bulk depots

Figure 6 The injectability of LLC precursor solution. A: LLC
precursor solution; B: The optimal formation after injection into

water; C: The injectability of the formulation
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Figure 7 The in vitro and in vivo performance of LA-LLC and LA-Orl-LLC. A: Volume changes of LLC bulk depots in lipase buffer;

B: Degradation behavior of LLC bulk depots in lipase buffer; C: The in vitro LA release in lipase buffer; D: Plasma concentration of LA

after a single subcutaneous injection in rats. n =3, x £ s
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